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It would be extremely difficult to completely evaluate the use of
radioisotopes as a tool in biological research. Certainly, much of the
progress achieved in this field in recent years was impossible prior to
the development of the atomic pile. Two basic facts account for the un¬
usual usefulness of these radioactive elements. One can tell where these
materials are, as well as their concentrations by employing radiological
techniques. Various kinds of tracers or radioisotopic tags have been
used for many years. The tagging of birds and fish by affixing small
metal bands to the animals have been used as a means of studying their
migration habits. In this way one is able to determine not only where
they go, but also how many migrate to a particular location. To study
the migration habits of very small animals such as flies and mosquitoes
would pose quite a problem with respect to the metal tagging of these
animals. Radioisotopes have solved this problem, and even bacteria are
not too small to accept a radioactive tag. Indeed, even a single moleexile
can be identified in this manner.
Mien labeled compounds are administered to an organism they become
a part of the general metabolic pool and undergo reactions characteristic
of that particular organism. Dispersal flight ranges of insects have been
studied by the tagging of insects with radioisotopes and this has facili¬
tated the study of such. An appropriate isotope can be applied directly
on the insect or incorporated in the growth medium, food in the laboratory
or in the natural environment.
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The tagged insects maj later be captured and identified with radi¬
ation coxinting equipment. Those having radioactivity can be positively
identified within weeks or months after treatment depending upon the
half-life of the isotope used. Examples of tagging procediires for mosqui¬
toes in ponds to which radioactive phosphorus has been added have been re¬
corded. These reports indicated that various species of mosquitoes can be
tagged in large numbers and used for flight range and dispersal studies.
It is hoped that the results of this study will be of value to




Naturally occurring phosphorus consists mainly of but one isotope,
p31. Although radioactive phosphorus with mass numbers 2^, 30, 32, and 3U
have been found, only p32 has been most useful as a tracer in biology be¬
cause it has a comparatively long half-life. Kamen (1914.7) first detected,
irradiation of phosphorus with slow neutrons. Radioactive phosphorus has
been the most extensively applied isotope because, from the discovery of
artificially produced radioactivity to the present, it has been most readi¬
ly available (Hevesy, 19U8). Even laboratories possessing weak neutron
sources can prepare sait5)les sufficient for a variety of tracer investiga¬
tions •
Studies on the rate at which labeled sodium phosphate was observed
after oral administration have been complicated by the fact that much de¬
pends on the diet accompanying the administration. Considerable irradia¬
tion has been reported in results obtained from rats, and retention per¬
centages varied from 6^ to 98 (Cohn and Greenberg, 1938). Human subjects
given labeled phosphate orally excreted about 30% at the end of three days.
Subcutaneous and intravenous injections were more effective in leading to
high percentages of retention (Gillies, 1962), An account was also given
of experiments that formed part of a field of stuc^ on the dispersion and
longevity of Anopheles amibus in East Africa. The mosquitoes were reared
in the laboratories and labeled by introducing either p32 or S35 into breed¬
ing pans of the larvae. They were released in alternate groups each of
which contained one of these two isotopes. Recapture was recognized by
autoradiography. The particular isotope present in each specimen, and
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hence, the time of release was identified by a simple method of discrimi¬
nating between high and low energy beta particles. Of some 60,000 mosqui¬
toes released, hSO were recaptured. The rate of recapture of females was
0,5/S. Similar experiments were done with mosquitoes marked with paint and
analogous results were obtained. The results indicated that the movement
of mosquitoes was random and related primarily to the distribution of human
settlement. Marked females were recaptured up to 23 days after release and
a single male by 30 days. The recapture rate of marked females declined
with age at about 169 per day. This rate of loss ^proximately doubled the
mortality rate estimated for the natural population in the same area, and
it was concluded that this discrepancy was connected with the rearing of
mosquitoes in captivity. It was considered that this factor placed a
limit on the use of marked insects for longevity studies in those species
which could not be obtained in large n\jmbers from natural environments,
Snider and Raper (1951) investigated the histopathological reac¬
tions of animals treated with external beta radiation and, in addition, the
effects of external beta rays which penetrated only the superficial layers
of the animals. Also, preliminary studies were made on mice, rats and
rabbits. From these studies it was learned that in animals as small as a
mouse, the beta rays, despite their low penetration, still produced radi¬
ation damage in such internal sites as the spleen and bone marrow, but
this did not occur in large animals. The external beta rays were obtained
from sources of radioactive phosphorus (P^^),
Insects have always been of tremendous importance to man. They
reduce crop yields, decrease production, and diminish the quality of crops.
They attack stored food, clothing, household furnishings, buildings and
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livestock, according to Robbins, et (19UU). They carry diseases of
man and other animals. Resistance to certain insecticides intensify the
importance of further research on the control and biology of the insect.
The use of radioisotopes has had a stimulating and strengthening influence
on many phases of entomological research. Biological studies with radioi¬
sotopes as tracers in dispersal and flight studies have helped us find weak
links at which to aim control measures. Tracers even may be used to evalu¬
ate the effectiveness of control. They may be used in insect physiology
studies, in which a labeled chemical is traced during its absorption, me¬
tabolism, and excretion. A similar technique permits tracing the course
of a systemic insecticide in animal and plant tissues. Such techniques
also have aided in evaluating hazzards of insecticide residues.
Radiation has already been used to eradicate screw-worms by means
of a sterile male technique (Roan, 1952). Subject to certain biological
considerations, this may have possibilities in counteracting other insect
pests. Ionizing radiation can also be used to kill insects, but for this
they may have limited applications, since the lethal radiation dose for in¬
sects may be one or more times as much as that for man. However, this radi¬
ation has had definite promise in treatment of bulk grain and also in the
prevention of the introduction of various insect pests inside fruit at
quarantine inspection stations.
Lindsay and Craig (19U2) observed that when pregnant rats were
heavily infected with Trichine11a spiralis for a period of eight to ten
months and were fed labeled phosphate (P^^), encysted larvae could be de¬
tected as early as two hours after feeding. The content increased
greatly within the first 2h hours and the maximum content was reached on
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the foxxrth day.
Phosphorus uptake by the larvae of a small silk producing moth was
also studied, using radiophosphorus as a tracer. Two weeks before the in¬
sects were killed, labeled phosphate was administered orally or parentally.
In view of the difficulties involved in the dissection of small insects,
the technique of radioautography was applied. From the radioautograph of
the sections obtained, the seemed to be selectively accumulated in the
walls of the digestive tract, the salivary glands, and the ducts of the
silk glands. The selective position of the labeled phosphorus in these
areas indicated that these organs were rapidly developing, and like all
growing organs, had a greater uptake for the administered phosphate. The
rate of mixing of the injected solution with the body fluid was determined
for three insects: the yellow meal worm, Tenebrio malitor, the squash bug,
Anasa tritis, and the harlequin cabbage bug, Murgantia histrionica (Hahn,
19UU). Solutions which contained radiophosphorus were injected into the
body cavities of the insects, and after varying lengths of time the appen¬
dages were cut off and tested for their radioactive content. By comparing
the amount of radioactive substances in the corresponding appendages from
each side, which were cut off at different intervals of time, the time was
determined when the solution was evenly distributed in the body fluid.
This time for Murgantia histrionica was 2$ to 28 minutes; for Anasa tritis,
a fraction more than 35 minutes, and for Tenebrio molitar, a little more
than seven minutes.
Radiophosphorus was the first artificially produced radioisotope
to be used successfully in therapy. Although applied as early as 1936, it
was not \mtil 1939 that Tuttle, Scott and Lawrence published the first
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clinical report of its application in the treatment of chronic leukemia.
Phosphorus, a constituent of the bone, many organic energy-storing
and transferring systems, and nucleoproteins, is basic to all life as we
know it, but has but one stable isotope, For tracer work, the radio¬
active P^^, which has a half-life of lii.3 days, is more useful in biologi¬
cal studies. The mineral metabblism of phosphorus has been investigated
by a number of workers. It was found early that phosphorus rapidly ap¬
peared in the bone and that there was slow but definite turnover of bone
phosphates. The excretion of phosphorus was shovm to take place through
both urine and feces. Although less than 10^ escaped in the feces, phos¬
phate became incorporated into the organic metabolic pool, the erythro¬
cytes, and cellular membranes. The major tracer studies with P^^ in inter¬
mediary metabolism have been on the formation and fate of two important
classes of organic compounds, the phospholipids and nuclear proteins
(Chaikoff and Zilversmit, 19U7)• Phosphorus 32 has also foxmd an im¬
portant role in the treatment of certain blood dyscrasias.
Despite the wide and intensive application of this isotope, its




Twelve vfliite mice, f\irnished by Atlanta University's Department of
Biology, and mosquitoes (Aedes egypti), supplied by the Communicable
Disease Center, Atlanta, Georgia, were used in this investigation. The
radioactive phosphorus (P^^) was obtained from the Abbott Laboratory, Oak
Ridge, Tennessee, The Geiger Counter was furnished by the Atomic Energy
Commission,
The mice were caged without regard to sex and given rabbit chow and
water (ad libitum) until the time of experimentation. During the entire
course of the experimentation the mice were fed apple slices. This was not
done merely to substitute for food but primarily as an attracting agent for
the mosquitoes to the mice. The adult mosquitoes were given a three percent
sucrose solution before and during experiraentation.
The mosquito larvae were fed cnished rabbit chow which was sprinkled
across the large petri dishes in which they were housed. The mice were
weighed and divided into three groups, ITwo groups consisted of mice that
were injected viith P^^ in doses of five and ten microcuries, respectively,
per milliliter of water. The other group of mice was used as a control
group. The average wei^t of the mice in Group I was 29,2 grams, and 30.1
grams in Groups II and III, The Geiger Counter was used to check the radio¬
activity of the animals and all materials used. The mice were checked daily
at regular intervals until the P^^ was well distributed throu^out their
bodies. One mouse from each group was sacrificed in order to study several
of the internal organs for traces of P^^, The mice and internal organs were
exposed to X-ray fiTms for 2h hours, after which the films were developed,
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Samples of blood were t2Lken from a mouse’s tail and examined for
P32.
Injections were made into the tails of three experimental mice.
They were first etherized, then held so that the tails could be immersed
in warm water. This procedure was followed to enable the investigator to
see the veins clearly in the tails.
The mice, after having been placed in an immobilizer made of screen
wire, were placed in the cage with the mosquitoes for 12 hours. After 12
hotirs had elapsed, mosquitoes were taken from the cage, collectively weighed,
and counted. The mosquitoes were then enclosed in Saran Wrap, placed between
two medical X-ray films, within a film holder, and exposed from 6-96 hours,
after which the films were developed.
CHAPTER IV
EXPERIMENTAL RESULTS
The following experimental results were recorded after having used
P^^, which had an activity of 5591 counts per minute, and a concentration
of 10 microcuries per milliliter of water.
Radioactivity of mice in Group I immediately after injection:
Mouse nvimber one—activity counts were 158 per minute3 Mouse number two-
activity counts were 16? per minute; Mouse number three—activity counts
were 171 per minute.
Radioactivity of mice in Group II immediately after injection:
Mouse number one—activity counts were 311 per minute; Mouse number two-
activity counts were 3U6 per minute; Mouse number three—activity counts
were 361 per minute.
Radioactivity of mice in the control group was no greater than that
of the background of the room.
Three hours after injection the following results were obtained:
Group I—Mouse number one—activity counts were lli38; Mouse number
two—activity counts were 12U6; Mouse number three—activity counts were
13U5.
Group II—Mouse raomber one—activity counts were 1566; Mouse number
two—activity counts were I688; Mouse number three—activity counts were
1596 per minute.
Group III—Control group remained as was.
Radioactivity of mosquitoes was as follows:
Group I—The average range was from 35 counts per minute 6n the
first day to 11 coimts per minute on the third day.
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Group II—The average range was from hS counts per minute on the
first day to lii counts per minute on the third day.
The average weight of the mosquitoes was 5 milligrams. Radioactive
phosphorus was distributed throughout the body of the mosquito.
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TABLE I
RESULTS IMMEDIATELY AFTER INJECTION OF p32
Mice Radioactivity (C,P,M.) Background (C,P,M,) Weight
Group I
Mouse No, 1 158 22 29,2 grams
Mouse No, 2 167 29,2 grams
Mouse No, 3 171 29,2 grams
Group II
Mouse No, 1 311 22 30,1 grams
Mouse No, 2 3U6 30,1 grams
Mouse No, 3 361 30,1 grams




RESULTS THREE HOURS AFTER INJECTION OF p32
KLce Radioactivity (C.P.M.) Background (C.P.M.) Wei^t
Group I
Mouse No. 1 1^38 ItO 29.5 grams
Mouse No. 2 12U6 29*5 grams
Mouse No. 3 13U5 29»5 grams
Group II
Mouse No. 1 1566 UO 30,1 grams
Mouse No. 2 1688 30.1 grams
Mouse No. 3 1596 30.1 grams
Group III (Control) ko 30.1 grams
TABLE III
TABLE SHOWING RADI0ACTI7ITT IN MOSQUITOES ON DIFFERENT
DAIS AFTER FEEDING ON MICE INJECTED WITH p32.
Mosquitoes Radioactivity (C.P.M.) Background (C.P.M.) Weight
Group I
1st. Day 35 Uo 5 milligrams
3rd. Day 11 5 milligrams
Group II
1st. Day 15 Uo 5 milligrams
3rd. Day lU 5 milligrams




TABLE CONTAINING RESULTS OF RADIOACTIVITT IN INTACT MOUSE
AND DIFFERENT ORGANS OF DISSECTED MOUSE
Mouse Radioactivity (C.P.M.) Background (C.P*M,) Weight
Intact Mouse 1566 l5 29.2 grams
Intestines 577 5.2 grams
Kidneys 135 .5 gram
Liver lilt 2.6 grams
Spleen 67 .8 gram
Heart U8 .5 gram
5 drops of blood it9 0.5 gram
Lungs 69 .5 gram
Skin 1179 U.6 grams
Brain 10 ,3 gram
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Figure 1, Eadioautograph of mouse exposed to X-ray film
for 2k hours.
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Figure 2. Radioautograph of mouse and internal organs exposed to
X-ray film for 2U hours,
a. is over spleen; b. liver; c. heart; d. kidney; e. lungs
f, brain
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Figure 3. Radioautograph of mouse skin exposed to X-raj film
for 2k hours
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Figure li. Radioautograph of mouse and intestines exposed to I-ra7 film
for 2k hours
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Figure Radioautograph of mosquitoes exposed to X-ray film
for 6 hours
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Figure 6, Radioautograph of inosquitoes exposed to I-ray film
for 2k hours
Figure 6. Radioautograph of mosquitoes exposed to X-ray film
for U8 hours
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Figure ?• Radioautograph of mosquitoes exposed to X-ray film
for 96 hours
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It is in the field of biology that most of the research using
tracers has been done. This is because the biological problems are so
complex that a new tool (tracers) filled a definite need here more than in
any other field.
Radioautography is a good method for determining the location of a
particular element or compound in a plant or animal. Using this technique
a plant or animal "takes its own picture” with the radiation that it emits
because it has received radioactive material. Thus, when an animal is fed
p32, sacrificed, and exposed to a photographic film, the outline of the
animal and the location of the phosphorus within it can easily be seen
(see radioautographs). This same technique can be used in microscopic
studies, and radioactive material can be located even within a single cell.
In the present investigation the following observations were noted: (l)
There was an increase in the rate of excretion of urine, and elimination of
feces was very rapid after injection of each mouse. (2) The urine was
found to be highly radioactive with a range of 171-780 counts per minute.
(3) The feces also showed signs of radioactivity, (U) The mice showed
no signs of illness after injection, (5) Mosquito eggs were observed in
beakers and also on the bottom of the cage. This phenomenon seemed to have
occurred after the mosquitoes had been fed on the blood of the mice. (6)
The larvae also indicated signs of radioactivity.
Radiated mosquitoes were placed in a cage with a control mouse for
the purpose of determining the extent of radiation in the mosquitoes. There
was no observed activity in the mouse. With an experiment of this sort no
2U
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evidence was obtained that the radiated mosquitoes had actually transferred
radioactivity to the mouse#
Each radioautograph was made to determine finally if the was
absorbed and transferred in all the animals involved in this e^qjeriment.
The p32 in the mice was heavily concentrated in the skeleton, urine,
feces, blood, spleen, and liver (see Figures 1, 2, 3, and U, and Tables I,
II, III, and IV). The lethal dose for small animals seemed many times
larger than that for larger animals or man.
It was discovered that two milliliters of P^^ solution was too
large a volme to inject in the tail without fatal results, therefore, the
investigator injected the mouse with one milliliter of P^^ into the tail
and this mouse lived. From these results the investigator reasoned that
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the volume of P-' or water was too large and this caused the mice to die.
Results indicated that the amount of P^^ absorbed by these organisms was
probably proportional to the weight of the animal and the amount of P^2
contained in the body of the organism.
CHAPTER VI
SUIMARY AND CONCIDSION
From the results of this experiment the investigator concluded that
radioactive phosphorus (P^^) serves a valuable role in biological research,
and it can also be transferred by way of the blood stream of the mouse to
the body of the mosquito. The amount transferrable was seemingly propor¬
tional to the size and weight of the organism in question, and it can be
detected through radiological techniques.
The radiation can be transferred from the body of the parent mos¬
quito to the larvae. It was not determined if the radiated mosquito could
radiate another mouse by biting.
It was also concluded that from five to ten microcuries of radia¬
tion produced no obvious ill effect on the mouse or mosquito. There was no
observed difference between those mosquitoes that were given doses of five
or ten microcuries per milliliter of the radioactive solution. According
to the radioautograph and the Geiger Counter, radioactive phosphorus (P^^)
became concentrated in the skeleton, skin, intestine, kidneys, liver, l\ings,
spleen, blood, heart, and brain of the mouse, and throughout the body of the
mosquitoes.
Although autoradiography provides an interesting way to study the
absorption of radioactive materials by animals, it does not lend itself to
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